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Résumé

Scientific problem:
Plants in a situation of stress caused by polluted environments emit chemical compounds
known as terpenes, which are then decomposed by molecules present in smog such as ozone.
Our aim is to identify the decomposition products as these may serve as biomarkers for
oxidative stress.

Scientific algorithm:

The reaction mechanism of ozonolysis is highly complex (1, 2), and the resulting coupled dif-
ferential equations are difficult to solve by conventional methods. We therefore used the free
master equation solver MESMER developed by Robertson and colleagues (3) which treats
chemical reactions as collisional energy transfers. It is capable of solving the energy grained
master equation for a unimolecular system composed of an arbitrary number of wells, tran-
sition states, sinks, and reactants.

Difficulties to overcome:

However it requires a very long CPU time, up to several days, for our reaction system,
and sometimes it even fails because of the stiffness of the differential equations. Further-
more, the code was not meant to be applied to such a complex system and is not adapted to
parallel execution, except for the embarrassingly parallel mode if solutions at several tem-
peratures are sought.

Solution:
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We tried to solve the problem with the following approach:

1) Identify the chemical reactions that are extremely slow and may be omitted such as
to reduce the size of the system of coupled equations and to reduce the stiffness

2) Transfer the code to the NEC-SX Aurora TSUBASA vector computer at CRIANN. Code
profiling showed overly structured C++ programming, inhibiting vectorization, so that the
specialized Aurora architecture and the code are too poorly adapted to each other.

3) Adapt the computer code for use on parallel supercomputers of more standard archi-
tecture, such as Austral at CRIANN. In the most computationally demanding matrix diag-
onalization function, the innermost loop can be parallelized by OpenMP threads.

4) Choose advanced compilation options and enhanced runtime options: as the code is iden-
tified as compute-bound, enabling turbo boost (at user job level) on AMD Genoa processors
is effective.

Results :
A speedup of more than 4.

The lightning talk and poster will present the scientific objectives and results. They will
also describe the computational performance gains achieved through improved models and
HPC programming and execution techniques.
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